In species that experience age-related sibling competition, anticipatory parental effects are hypothesised to evolve in order to mediate these age-related effects, and may be related 60 to changes in the size and composition of eggs. Unlike those studies reviewed in Uller et al. (2013) , parents are assumed to know (rather than predict) where offspring from specific 62 eggs will be placed in any age hierarchy, and thus the competitive environment they may experience. As a consequence, anticipatory parental effects may more easily evolve. For 64 example, Plaistow et al. (2007) found that female spider mites increase the size of their eggs as they age, and attributed this to female anticipation of the level of sibling competition 66 later laid eggs will encounter. In birds, egg size (Slagsvold et al. 1984) and many egg constituents have been shown to vary, both between females and across the laying sequence 68 of individuals (Williams 2012) . These include carotenoids (Royle et al. 2001; Blount et al. 2002; Török et al. 2007; Saino et al. 2002) , vitamin E (Royle et al. 2001 ) and hormones 70 (Gil 2008) . Whilst egg size has downstream consequences on juvenile traits (Krist 2011), hormonal changes in particular have been invoked as mediators of anticipatory parental 72 effects (e.g. Schwabl 1993; Schwabl et al. 1997; Lipar et al. 1999; Muller & Groothuis 2013) , and have also been shown to have downstream effects on multiple aspects of offspring 74 competitiveness (Schwabl 1993 (Schwabl , 1996 Gorman & Williams 2005; Groothuis et al. 2005; Smiseth et al. 2011; Williams 2012) .
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There is an alternative explanation, however, that changes in egg components across the laying sequence may be the passive outcome of the response of females to their own 78 changing environments, rather than acting in anticipation of the environment offspring will experience. For example, if dietary carotenoids increase over the season whilst eggs 80 are being laid, then the change in eggs may simply reflect the direct effect of carotenoid availability (Török et al. 2007) . Similarly, changes in female hormones may be seen in 82 preparation for and upon the onset of incubation, leading to different hormonal exposure of eggs (Goldsmith & Williams 1980; Sockman & Schwabl 1999 , reflecting changes 84 in cumulative exposure to the female's endocrine state. Thus, care is needed to distinguish between anticipatory and passive parental effects.
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Previously, we found that prenatal development in blue tits (Cyanistes caeruleus) is faster for eggs laid later in the laying sequence, and showed experimentally that this was in 88 part caused by something intrinsic to the eggs at the time of laying (Hadfield et al. 2013b) .
Although consistent with an anticipatory parental effect that acts to reduce the extent of 90 hatching asynchrony, we offered the alternative explanation that it may simply be a result of females being better able to provision later eggs as the amount of resource available to 92 them increases as spring progresses (Hadfield et al. 2013b) , as there is a rapid change in food availability in this time period (e.g. Dixon 1976 ). Here, we aim to test this hypothesis 94 by manipulating a female's resource availability during the laying period to see if this accelerates the prenatal development of her offspring. To ensure that any effects detected 96 are the result of changes to the size or composition of the eggs and not due to any effect of the treatment on post-laying behaviour, we cross-fostered half the eggs of each nest on 98 the day they were laid. We are primarily interested in any effects of this treatment on the hatching time of eggs, but also model whether it has any effect on egg weight or hatching 100 success.
The results of our experiment showed little to no effect of the additional resources 102 on prenatal development and other egg characteristics. An alternative explanation is that seasonal changes in the environment are causing laying-order effects on pre-natal 104 development, but in a way that was not be recapitulated in the feeding treatment. Thus, using a larger data set we performed a more general (but correlative) test of whether the 106 rate of pre-natal development varied systematically with three weather variables, which could be drivers of seasonal changes.
Materials and Methods
The experiment was carried out during the springs of 2012 and 2013 on a nest box 110 population of blue tits (Cyanistes caeruleus) on the Dalmeny estate, Edinburgh, UK. Nest boxes were placed approximately 30m apart, on two study sites -180 boxes on Cragie Hill
112
(grid reference NT 156 766) and 45 boxes along the Almond River (NT 179 758). From early in the spring, next boxes were checked systematically to detect nesting and onset of 114 laying. When nest boxes were empty, or had a very small amount of nesting material within them, they were checked every 4 days. When ¿15mm of nesting material was present, boxes 116 were checked every 2 days, and once the nest was lined it was checked every day. This method meant that in all but very few cases, nests were checked on the day in which laying 118 began, and thus a single egg was found.
Cross-foster Design

120
The study was carried out within an ongoing partial cross-foster design used in this population (for full details see Hadfield et al. 2013a) . On the day of clutch initiation, nests 122 were randomly allocated into groups of three where possible (or two, four, or five if not), between which eggs were switched. First eggs were then moved within triads, such that the 124 egg from nest A was placed in nest B, that from nest B in nest C, and that from C placed in A. One egg is laid per day, so on alternate days, eggs were either moved between nests, or 126 remained within their own nests, and every egg was weighed and marked. Crossing ceased when one or more nests had a laying pause and resumed when all nests recommenced 128 laying. Daily checks ceased when the female was incubating for the second day in a row, or was found incubating after laying had ceased. The crossing of eggs within a triad stopped 130 when one nest in a given triad finished laying.
Feeding experiment
132
Within this cross foster design, a feeding experiment was also carried out in order to determine how food availability to parents affects the hatching time of eggs. We used 134 those nests that were in crosses of 3 or more, and each group was assigned randomly to either a control group or one of two feeding treatments. When a group was assigned a 136 feeding treatment, two nests within that group were fed, and the remaining nest (or nests if the group was larger than 3) remained as a control. Nests in the feeding treatments
138
were provided with twenty wax worms (the larvae of the wax moth, Gralleria mellonella) per day, which were pinned to narrow tree branches close to the nest box (¡5m) early each 140 morning. On the following day, the number of wax worms consumed was recorded, and any uneaten wax worms were removed. We set up video cameras at some nests to check that 142 the resident birds were taking the food. In some cases other birds were observed taking the wax worms, but this was relatively rare. Blue tits carry out high levels of courtship feeding 144 during the egg laying period (Royama 1966; Krebs 1970; Cramp & Perrins 1993 ), so we hope that resources from any wax worms taken by the male are passed to feed the female, 146 either directly or indirectly. Nests in the feeding treatments were split into an early group, which were provided with wax worms on days 1 to 4 of the laying sequence, and a late 148 group that received wax worms on days 5 to 8. Both fed nests within a cross-fostering group were given the same treatment. If development of the embryo is resource limited we expect 150 chicks from eggs laid in the treated nests to have more rapid prenatal development if the food provided lifts this constraint. We predict that this effect should be more pronounced 152 in chicks from eggs in the early treatment if resource limitation is more acute at the onset of laying than later in the sequence. Development of eggs takes around 4 days from the 154 onset of rapid yolk development (Haywood 1993) , and so eggs 5-8 are expected to be the most affected in the early treatment, and 9 to 12 in the late treatment. During 2012 there there were equal numbers in each treatment overall. There were 63 control nests in 2012,
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and 60 in 2013. In addition, those nests that were not in cross-fostering groups of three or more were never included within the feeding treatment, and so are classed as having no 160 treatment, as they were not true controls. There were 29 such nests in 2012, and 17 in 2013. The mean number of wax worms eaten per day in the early treatment was 15.8, and 
Hatching times
Nests were checked daily for hatching from 11 days after clutches had been completed.
176
As nests were checked daily, we found chicks within twenty-four hours of the first individual hatching. On this occasion (day 0), the identities of any unhatched eggs were recorded, and the same was done on the following two visits (day 1 and day 3). No eggs hatched after this point.
180
Weather Hourly temperature (
• C), rain (ml), and wind speed (knots) measurements were prior correlation matrix was defined as one in which the fixed effects are identically and independently distributed had the covariates been subject to Gelman's (2008) scaling and 198 centering. The prior correlation matrix was then scaled by six (which in all models was approximately the sum of the variance components) plus π 2 /3 or 1, depending on whether the logit or probit link was used. Feeding models were run for 130000 iterations, with a burn in of 30000 and a thinning interval of 50, whereas weather models were run for 202 1300000 iterations, with a burn in of 300000 and a thinning interval of 500 as the chains within these models took much longer to mix well.
204
Fixed effects are considered significant if the 95% credible intervals did not overlap zero, and pMCMC (twice the posterior probability that the estimate is either negative or 206 positive, depending on which is the smaller probability) is less than 0.05. For groups of fixed effects (e.g. year, treatment) their significance was tested using omnibus Wald tests.
208
Feeding Experiment: egg-level effects
A series of models were developed to look at the effect of the treatment on individual 210 egg characteristics. The main focus was on hatching time, although we also analysed hatching success, egg weight, and pausing in laying. In all models, clutch size, year, day 212 of clutch initiation (from 1st April) and whether the egg was laid after a pause in the laying sequence or not were fitted as fixed effects. Where necessary, we distinguish between 214 variables measured in the nest-of-origin and nest-of-rearing using the subscripts o and r respectively. The rank r of the egg (the number of days between it and the final egg in 216 the nest-of-rearing being laid), was fitted as a spline to capture any non-linearity in the relationship induced by incubation behaviour (Hadfield et al. 2013b) . In all models we 218 excluded eggs that had not been found on the day they were laid, and those from clutches smaller than three eggs (due to early desertion of the clutch). We also excluded three 220 eggs that weighed less than 0.6g, as these were abnormally small (below half the mean egg weight), and do not develop.
222
For each egg we also included the treatment group of its nest-of-origin (treatment o ) and its nest-of-rearing (treatment r ) as a fixed factor. Nests that were neither fed nor assigned 224 as controls were included in the analysis as a fourth level in treatment group (coded as 'none'). Generally, these were nests that initiated laying early or late in the season when 226 few nests initiated, so that they could not be assigned to groups of three or more.
Eggs within nests of a given feeding treatment vary in when and how many wax worms 228 were consumed by their mother during their development. For example, the fifth egg in an early-treated nest could be affected by up to 80 wax worms provided over the four 230 consecutive days prior to it being laid, whereas the second egg could only be influenced by up to 20 wax worms on the day prior to it being laid. Blue tits are income breeders, and 232 eggs develop over a period of four days (Haywood 1993) , and thus the main eggs expected to be affected by the feeding are those laid around four days after feeding occurs (e.g. egg being eaten and the egg itself being laid). These models have recently been used in an ecological context (Roberts et al. 2015) and in our context can capture any physiological 242 lags that exist between the consumption of food and any effect of that food on the egg.
Separate varying coefficient splines were fitted for the early and late groups.
244
The degree to which the treatment splines improved model performance was assessed using 20-fold cross-validation (Stone 1974 (Stone , 1977 , where models were rerun using data with responses the coefficient of determination (R 2 ) was used. Differences between models in their predictive ability were often small, and so we tested whether an increase in predictive 252 ability relative to that of the null model (i.e. one without treatment splines) was greater than expected from Monte Carlo error (i.e. differences were not solely due to random 254 allocation of observations to subsets). This was achieved using repeat-measure ANOVA with subset as a random effect.
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Hatching time was analysed in two ways. Firstly, hatching asynchrony was fitted as an ordinal response, which considers the hatching interval of an egg within a clutch (i.e.
258
the hatching day, relative to the first egg in the clutch to hatch, which could be 0, 1 or 2-3). Secondly, as a censored Gaussian response, which fits the time from the final egg in a 260 nest being layed to the hatching of each egg with the censoring points being the day/time of nest visits between which an egg hatched. Eggs were assumed to be laid at 6am, as 262 the exact laying time was not known, but eggs had always been found after this time (Pullen 1946; Perrins 1979) . This measure captured differences between nests in incubation 264 behaviour of females (time to commence incubation, and duration of incubation), and within-nests it captures intrinsic differences in hatching time between eggs. Hatching 266 success was analysed as a binary response (hatching/not-hatching) and all abandoned nests were excluded. Egg weight was analysed as a Gaussian response, and the probability of an 268 egg being laid as a binary response (where an egg being laid was given the value 1). These two phenotypes are not dependent on post-laying (and therefore post-crossfostering) effects
270
and so nest-of-rearing terms (both fixed and random) were dropped from the model. In addition, clutch size o was dropped from the model of pausing, as the two are confounded.
272
Feeding Experiment: nest-level effects
A second set of models investigated the nest-level effects of the feeding experiment,
274
specifically how it affected clutch size and the onset of incubation. The onset of incubation is taken as the number of days before (negative value) or after (positive value) the last 276 egg was laid that the female was found incubating, or the eggs were found to be warm.
Both traits were treated as Gaussian and the models had the same form as above, although 278 treatment was included only as a fixed effect, without spline terms, and egg rank was not included in the model. In addition, only nest-of-origin level terms were retained.
280
Weather
In addition to the main analyses, we ran the same models as those described above, (daily mean temperature, daily mean wind speed, and total daily rainfall) were modelled using varying coefficient splines, as was done for the effect of wax worm consumption. Thus 290 each model had three varying coefficient splines within it. Daily weather 50 days prior to, and 40 days after, laying of a given egg was used in these splines, so that both long-and 292 short-term effects of weather might be captured. The sample sizes for each model, along with those eggs and nests that have been excluded are shown in Table 1 .
294 Table 1 here
Results
296
Feeding Experiment: egg-level effects
Overall, we found little support for any effects of the feeding treatment on hatching 298 time and other egg characteristics. This is seen particularly in the fitting of treatment splines -in all models the treatment splines did not improve the predictive ability of the 300 model, as evaluated using cross-validation (Table 2) . Consequently, we report the results of these models with the treatment splines removed in the text and tables. However, in The fixed effects for the best model for hatching asynchrony are shown in Table 3 . The 95% credible intervals of all fixed treatment effects overlapped zero, and thus there was no 316 Table 3 here
The fixed effects from the censored Gaussian model of hatching time (from the laying 318 of the last egg in a nest) are summarised in the rank spline ( Figure S1b) shows that there is a decrease in time from laying to hatching with increasing rank, although this change is most prominent for those eggs of low rank. For the best model of hatching success, the fixed effects are summarised in Table 5 The fixed effects from the best model of egg weight are summarised in Table 6 There was also a significant effect of being laid after a pause, with eggs laid after an 352 Table 6 here
The fixed effects from the best model of the probability of an egg being laid are 354 summarised in Table 7 (treatment splines did not improve the model). These results suggest that feeding had no significant effect on the probability that an egg is laid. There The fixed effects from the model of incubation onset are summarised in Table 9 here
Generally, we found little support for weather having effects on hatching time, and other egg characteristics. In all models, except the censored gaussian model of hatching 386 time and the model of clutch size, the weather splines did not improve the predictive ability of the model as evaluated using cross-validation (Table 10 ). The results of the null 388 models were qualitatively similar to the feeding treatment models and are presented in the supplementary information. The main difference was support for inter-annual differences 390 in all models, even for those egg characteristics and nest effects for which no significant differences between 2012 and 2013 were found. In addition, the significant effect of eggs 392 laid after a pause having a lower probability of hatching (-0.842 logits [-1.520 --0.126] P=0.028), were not replicated in the larger data set (-0.306 logits [-1.016 -0.370] P=0.377).
394
The splines for each weather variable are shown in Figures S3, S4 and S5. Table S3 , whilst those for the full and null model are shown in Table S2 . The weather spline in Figure S4b shows that
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there was a positive effect of temperature on hatching time (days from last egg laid in a nest to hatching), up to three weeks prior to the egg being laid, implying that eggs that 404 are developing in the female when conditions are warmer then hatch later. However, the converse appears to be the case post-laying, where there is a negative effect of temperature 406 on hatching time, such that warm conditions after an egg has been laid leads to an acceleration in hatching time. Both rain ( Figure S5b ) and wind ( Figure S3b) Our results suggest that differences between eggs across the laying sequence are the 
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It is also possible that laying order effects are a direct maternal response to changing nutritive conditions, but such an effect might not be seen if providing wax worms failed to recapitulate such conditions. However, the wax worms provided to the birds should contain sufficient calorific and protein content to lift seasonal resource constraints; twenty 476 wax worms constitute 12kcal and 0.67g protein (Sauter et al. 2006) , whereas blue tits require 13.8kcal per day (Gibb 1957 experiment to the one shown here, and found increased egg mass in fed nests. However, there appear to be differences between mass of eggs in control and fed treatments prior to 510 feeding, and thus the conclusions from this may be questionable.
In this study we fail to see any major effect of the environment on the prenatal Between-population differences in egg composition in blue tits (Cyanistes caeruleus). 
SUPPORTING INFORMATION
754
Additional supporting information may be found in the online version of this article. in the clutch), such that egg 1 is the first egg, and egg 3 is laid 2 days after the first egg.
Numbering is irrespective of whether a pause in the laying sequence has occurred, so does Table 7 : Summary of the fixed effects from a model of the probability that an egg is laid.
These results are from a model without treatment splines since they did not significantly increase predictive ability (Table 2) . P-values from wald tests on fixed effects are also presented. The mean is the posterior mean, l-95% and u-95% are the lower and upper 95% 
